The effect of waru leaf (Hibiscus tiliaceus) supplementation as saponin source on ruminal fermentation characteristics were studied using in vitro gas production techniques. Rumen fluid was taken from fistulated Ongole crossbreed cattle. The treatments consisted of control treatments (Napier grass with monensin and Napier grass without waru leaf (0% saponin level) and waru leaf supplementation treatments as much as 11, 22, 33, and 44 mg of feed (in dry matter basis) or equal to 5, 10, 15, and 20% saponin level added to feed substrate of Napier grass (Pennisetum purpureum). The result showed that protozoa numbers and total gas production were significantly reduced (P<0.05) in line with the increasing of saponin level compared to 0% saponin level, while NH 3 , VFA concentration and pH after 48 h fermentation were not affected by the treatment. VFA concentration increased by waru leaf up to 10% saponin level then decreased at level 15 and 20%. Ratio of acetate to propionate (A/P) and non glucogenic ratio (NGR) decreased at 5, 10, and 15% saponin level, but increased at level 20%. It could be concluded that waru leaf supplementation at 10% saponin level of feed was the optimum level which gave positive effect on rumen feed fermentation.
INTRODUCTION
The main products of fermentation of feed organic matter in ruminant were volatile fatty acid (VFA), gases and microbial biomass (mainly protein) (Alexander et al., 2008) . The protein source for ruminant, additional to microbial protein also came from feed protein escaped from rumen degradation. Existence of protozoa in the rumen has an effect on flow of protein into duodenum. Unlike bacteria, protozoa has no urea and could not use ammonia as a nitrogen source. They ingested bacterial and dietary proteins, and excreted as much as 50% of ingested nitrogen in the form of amino acids and ammonia (Jouany, 1991) . Several studies showed free fatty acids reduced protozoa numbers, as well, and low pH may cause defaunation (Owens et al., 1998) . Removing ciliate protozoa from rumen may prevent recycling of N between bacteria and protozoa, and thereby increased the efficiency of N metabolism in rumen and stimulated flow of microbial protein into small intestine (Teferedegne, 2000) . Moreover protozoa also well known associated with methane emission from enteric fermentation trough interspecies commensalisms with methanogenic archaea. Seventy percent of total methanogenesis was associated with the protozoa (Dore and Gouet, 1991) .
Several strategies were suggested to modify rumen fermentation to make it more efficient in fiber digestion or to have less protein degradation or less intra ruminal nitrogen turn over and hence have more outflow of protein to duodenum. Many plants produced secondary metabolites, a group of chemicals that were not involved in the primary biochemical processes of plant growth and reproduction but were important to protect plants from insect predation or grazing by herbivores. Several thousand plant secondary metabolites had been reported such as saponins that had antimicrobial activity (Vincken et al., 2007) . Saponins were glycosides of aglycone linked to one or more sugar chain that were generally considered as anti nutritional factors (Teferedegne, 2000) . Saponin showed a toxic effect on rumen protozoa (Newbold et al., 1997) . The toxicity of saponin to protozoa was obviously the result of their detergent effect on the cell membrane. The sensitivity of protozoa toward saponin was caused by their membrane sterol bind with saponin (Wina et al., 2005) which formed insoluble complexes and caused cell lysis (Francis et al., 2002) .
Hibiscus tiliaceus leaf was a native tropical plant contains saponin that may be used as defaunating agent in ruminant. In some area these plants commonly being used as the alternative feed for ruminant, particularly on dry season, but the study of its effect was limited. Therefore the objective of this study was to evaluate the effect of Hibiscus tiliaceus leaf supplementation as saponin source on in vitro feed fermentation on rumen.
MATERIALS AND METHODS

Plant Material, Chemical Composition, and Saponin Analysis
Hibiscus tiliaceus leaf was grounded to pass a 1 mm screen and dried in oven at 55ºC for 72 h. Saponin analysis was done according to Makkar et al. (2007) . The data of saponin concentration was used to calculate the amount of H. tiliaceus leaf that was added to substrate. Monensin (2 mg) was used as positive control (G.200 C Monensin Sodium Elanco Animal Health Division). Dry matter (DM), crude protein (CP), and crude fiber (CF) were analyzed by AOAC method (1995) .
Incubation
The effect of this plant supplementation on ruminal fermentation was examined by in vitro gas production following procedure described by Menke et al. (1979) . Two ruminally fistulated Ongole crossbred cattle were used as rumen liquor donor. Animals were fed twice daily with a basal diet consisting of Napier grass and concentrate (70:30, on DM basis). Rumen fluid was taken using aspirator, and immediately transported in pre warmed vacuum flask (39ºC water temperature) and filtered. H. tiliaceus leaf was applied in a series dosage appropriate to level of saponin 0, 5, 10, 15, and 20% of feed (in dry matter basis), replacing equivalent amount of Napier grass.
Treatments and Statistical Analysis
Experimental design of this study was Completely Randomized Design with six treatments descripted as follows: Effect of treatment was analyzed using the test of variance (ANOVA) and differences between treatments were analyzed using Duncan's Multiple Range Test (DMRT) (Gomez and Gomez, 1984) .
Measurement of Gas Production
Gas production was measured by Menke and Steingass procedure (1988) . Fermentation was conducted in glass size 100 mL syringe (Fortuna model, Poulten and Graft Gmbh Germany). A total of 200 mg of Napier grass substrate and H. tiliaceus leaf were entered into the syringe and incubated for one night in an incubator at 39ºC. Then, along with CO 2 flow, a mixture of rumen fluid was added by a medium mixture of 30 mL with a ratio of 1:2 into the syringe. All of the measurements were repeated three times. Incubation was then continued for 48 h at 39ºC. Gas production measurements were performed at 0, 3, 6, 12, 24, 48 h. After 48 h incubation gas was released, whereas rumen fluid contained in syringe samples taken for analysis of protozoa population, VFA, and NH 3 .
Observed Variables
Variables measured were protozoa numbers, gas production, VFA concentration, ammonia concentration, and pH rumen fluid. After 0, 3, 6, 12, 24, and 48 h of incubation, gases were measured and syringe contents were transferred to centrifuge tubes and were centrifuged at 500 x g for 20 min at 4 o C. The pH of medium was determined using digital pH meter. The calculation of protozoa number was done using MFS solution composed of 20 mL 35% formaldehyde solution, 0.12 g of methyl green, and 1.6 g of NaCl and hemocytometer according to Diaz et al. (1993) . VFA measurements were carried out according to method of Santoso and Hariadi (2007) using Gas Chromatography (Shimadzu GC8). Measurement of microbial rumen fluid was done using the Lowry et al. (1951) method modificated by Waterborg (2002) .
RESULTS AND DISCUSSION
Nutrient composition of Napier grass (Pennisetum purpureum) and waru leaf (Hibiscus tiliaceus) are presented in Table 1 . Crude protein content in P. purpureum and H. tiliaceus were higher than the minimum concentration of CP (7%) required for microbial activity (Crowder and Chheda, 1982) . High protein content was good enough for cattle to protein needs. Crude fiber of H. tiliaceus leaf was lower than the Napier grass that was good to reduce methane gas production, while carbohydrate content of H. tiliaceus was high (45.91%) that may available for livestock as source of energy. Saponin content of H. tiliaceus leaf in this study (8.93 mg/g DM) was lower than the saponin content of Acacia mangium Willd (16.7 mg/g DM) (Santoso and Hariadi, 2007) .
Protozoa Number and Fermentation Product
In this study the protozoa number in rumen fluid decreased significantly (P<0.05) by the H. tiliaceus leaf supplementation in line with the increasing of saponin level (Table 2 ). H. tiliaceus leaf supplementation at level 10% decreased the protozoa number as much as 43.08% (9.25 x10 3 /mL) than that of control (16.25x10 3 /mL). Supplementation of plant extracts containing saponins reduced the population of protozoa linearly with the increasing of saponin dose (Teferedegne et al., 1999) . Wina et al. (2005) reported that saponin of methanol extract of Sapindus rarak decreased protozoa number and increased microbial protein synthesis as well as VFA in in vitro study. Saponin of tea was also reported decreased protozoa number on growing lamb (Mao et al., 2010) .
Saponin could disrupt the development of protozoa by the bond between the saponin with sterols in protozoa cell membrane surface that may affect cell membrane permeability (Patra et al., 2006) and further may cause membrane rupture, cell lysis and death. The presence of cholesterol content in eukaryotic (including protozoa) cell membranes, but not in prokaryotic bacterial cell (Hussain and Cheeke, 1995) , suggested a possible selective susceptibility of ruminal ciliate protozoa to saponins due to an affinity of saponin to cholesterol.
According to gas production data in Table 2 , it was known that monensin and waru leaf (H. tiliaceus) depress gas production significantly (P<0.05) compared to controls. H. tiliaceus leaf supplementation as much as 5, 10, 15, and 20% and the monensin addition on fermentation of Napier grass by rumen microbes in vitro decreased gas production (P<0.05) compared to control (47.17 mL). H. tiliaceus leaf supplementation at level 10% decreased the gas production as much as 11.02% (41.97 mL) than control (47.17 mL), but there were no difference (P>0.05) among level 10 and 15% of H. tiliaceus leaf supplementation. Monensin treatment as positive control produced the lowest gas production (18.48 mL), followed by level 20% of H. tiliaceus leaf supplementation (38.47 mL).
The reduction of gas production in this study was associated with the reducing protozoa number; when the protozoa number was less, then the gas production decreased. The gas production contained CO 2 and CH 4 , which was caused by the fermentation of carbohydrates in the rumen and consisted of 32% CH 4 , 56% CO 2 and 3.5% O 2 (Arora, 1989) . The study results of Santoso and Hariadi (2007) using Acacia mangium in P. purpureum at levels 15, 30 and 45% in 100% of the substrate indicated the volume of gas after 48 h incubation decreased linearly with the increasing concentration of Acacia mangium, being 57, 48.2, and 37.5 mL, respectively, that was lower than that of control treatment (64.7 mL). Hu et al. (2005) reported in his study that tea saponin at 0, 0.2, 0.4 mg/mL has a defaunating effect on protozoa and gas production (93.0, 90.5 and 92.0 mL). The very high differences in gas production effect between the H. tiliaceus leaf with monensin supplementation was occurred because the H. tiliaceus leaf gave an effect on the decreasing of protozoa number, but it did not gave a significant difference on bacterial activity in rumen. Meanwhile, monensin as manipulator of rumen fermentation would reduce the population of protozoa, suppressed the populations of bacteria and methane production.
Total VFA production in this study ranged from 106.67 to 165.81 mM. VFA production was a sufficient condition for optimal rumen microbial protein synthesis, because VFA range required for rumen microbial growth was 80-160 mM (Van Soest, 1994) . Other studies stated that the range of VFA in the rumen was 60 mM acetic acid, 20 mM propionate and 10 mM butyrate (Madigan et al., 2003) . The increased VFA concentration in response to the increasing of saponin could be due to the reducing outflow from the reticulorumen, inhibition of VFA absorption by the ruminal ephitelium, or increasing of microbial VFA production. Supplementation of Sapindus saponaria fruits contained 120 g of saponin improved the ruminal VFA profile, microbial efficiency, and duodenal flow of microbial protein in sheep fed tropical grass-alone or grass-legume diet (Abreu et al., 2004 ).
In Table 3 , H. tiliaceus leaf supplementation resulted the ratio of acetic to propionate (A/P) lower than the control. A/P ratio of control was 3.83 while the A/P ratio of H. tiliaceus supplementation 5, 10, 15, and 20% and monensin were 3.49, 3.31, 3.28, 3.88 and 2.76 respectively. It has been suggested that there is an increased proportion of propionate in the rumen compared to acetate. H. tiliaceus played a role in glucose metabolism affected production of propionate that was glucogenic. Rumen fermentation system that leads to the propionate also resulted in the value of non-glucogenic ratio (NGR) tends to decrease. Increased propionate which was glucogenic will reduce the value of NGR. NGR value in this study by H. tiliaceus supplementation 5, 10, and 15% (4.34, 4.16, and 4.05, respectively) were lower than the control (4.83), while at level 20% of H. tiliaceus supplementation resulted greater A/P ratio and NGR than control. 
Parameter of Fermentation
Manipulation on rumen fermentation should be considered to maintain fermentation process and main function of rumen on fiber digestion. Ammonia concentration and pH value were two factors among other factors that influenced the rumen fermentation. In this study, the determination of ammonia concentration in rumen fluid was done using Raneff method (Chaney and Marbach, 1962) . Table 3 showed that monensin treatment or H. tiliaceus leaf supplementation was not significantly different (P>0.05) compared to controls. The results also showed the tendency that H. tiliaceus leaf supplementation at level 5, 10, and 15% increased ammonia concentration, while the supplementation of monensin and H. tiliaceus leaf supplementation at level 20% tend to decrease the concentration of NH 3 . Mao et al. (2010) reported that tea saponin decreased ammonia concentration and pH on growing lamb.
According to Madigan et al. (2003) , the ammonia concentration in the rumen was balance between the production rate of NH 3 from the food and the use of NH 3 for microbial growth and endogenous compounds. Ammonia concentration obtained in this study varied at 30-42 mg/100mL. For maximum growth of rumen microbes, the concentration of NH 3 needed is 8.5 mg/100 mL of rumen fluid (Arora, 1989) . Role of N-ammonia was very important as a raw material to form cells in the process of rumen microbial protein metabolism. In this study, rumen fluid ammonia values were relatively high. The high concentration of ammonia indicated the high value of easily degradable protein in these rations.
In this study, pH of rumen fluid was not influenced by H. tiliaceus (P>0.05) ( Table 3) . It means that saponin content on H. tiliaceus did not interrupt the fermentation function on rumen. This study showed the pH ranged between 7.03-7.15. Deamination produced NH 3 , CO 2 , and VFA, while at the decarboxylation step to produce amines and CO 2 due decarboxylase activity. Low pH caused the condition become acidic and lower rumen microbial population so the process of proteolysis would be inhibited and as a result of degradation of feed will go down (Madigan et al., 2003) . Nagaraja and Titgemeyert (2007) reported that ruminal pH generally was higher than 5.5 and often in the range from 5.8 to 6.5 in grain adapted cattle. Therefore it could be concluded that pH obtained in this study indicated the occurrence of cellulose fermentation process optimally. Ruminal pH was critical factor in normal and stable function of the rumen because of its profound effect on microbial populations and fermentation products, and on physiological function in the rumen, mainly on its motility and absorptive function. CONCLUSION Waru leaf (Hibiscus tiliaceus) supplementation at 10% saponin level of feed (in dry matter basis) was the optimum level because its ability to modify rumen fermentation characteristics which leads to the synthesis of propionate, reduced protozoa population and gas production, and there was no effect on the NH 3 concentration, VFA concentration, and pH value. Waru leaf (H. tiliaceus) supplementation also increased the proportion of propionate which was the main energy source for beef cattle. 
